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Background: The UK government has recommended the development of obesity services for
children. As obesity is common, studying every obese child for obstructive sleep apnoea
(OSA) would be challenging and full paediatric sleep services are not available in every area
in Europe. The purpose of this study was to consider how well clinical features predict signif-
icant OSA in obese children in order to help prioritise the need for sleep studies and subse-
quent treatment.
Methods: Consecutive children referred for obesity management aged 2e16 years with a body
mass index (BMI) of >2.5 z scores for age were offered a sleep study using overnight oximetry
and audiovisual recordings. Significant OSA was defined as 5 dips/h of >4% oxygen saturation
or 5 respiratory-event related arousals/h.
Results: Forty-one of 158 (26%) children (mean BMI z score 3.7) had significant OSA and 95% of
these had either reported apnoea, restless sleep or tonsillar hypertrophy (TH). Nineteen
percent of all children had none of these features. BMI was not related to OSA.
Conclusion: If only obese children with reported apnoea, restless sleep or TH have a sleep
study, 95% of all obese children with significant OSA will be identified using this method.
ª 2008 Elsevier Ltd. All rights reserved.Background
It has been recommended that services for obese children
in secondary and tertiary care be expanded.1 Our care
pathway for simple obesity not only provides services for
weight loss but also a screening service for complications
such as upper airways obstruction during sleep (OSA).whilst employed at the Royal
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8 Elsevier Ltd. All rights reservedAbout 30% of obese Chinese children aged 7e11 years
have OSA2 and a study from the United States suggests that
children who are overweight have a 4.6-fold increased risk
of OSA compared to children of normal weight.3 In east
London,4 20% of children aged 11 years are obese and 2%
extremely obese, i.e. above the 99th centile on the UK Child
Growth Foundation charts.5 It would be impractical to inves-
tigate all these children for OSA and very challenging if
assessment were to be with polysomnography. Fully equip-
ped paediatric sleep laboratories are not available in all re-
gions in Europe, and the UK is no exception. The problems
related to OSA in childhood are well-described6e8 and since
there are interventions, such as adenotonsillectomy (AT).
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(CPAP), which could be offered to obese children with OSA
it seems reasonable to try to identify which obese children
are most likely to suffer from OSA.
The purpose of this study was to identify clinical features
which are predictors of significant OSA in obese children
using oximetry and audiovisual recordings. For the purposes
of this study the term OSA includes episodes of apnoea
causing oxygen desaturation and arousals from sleep due to
obstruction without oxygen desaturation.
Methods
Subjects
These were consecutive referrals of children aged 2e16
years with a body mass index (BMI) of >2.5 z scores for age
calculated using the British 1990 growth reference data
supplied by the Child Growth Foundation. Referrals were
from primary care for medical assessment and management
of obesity. Data from children of mixed ethnicity were ex-
cluded as the relationship between ethnicity and OSA is
of interest. Children with other reasons for sleep-
disordered breathing, such as those with neurological
disorders, were excluded. All children had a full clinical
examination by a paediatrician and those who subsequently
were shown to have OSA had further examination by an
otolaryngologist.Questionnaire
A sleep history recorded snoring, noisy breathing, ‘stopping
breathing’ (apnoea), restless sleep, ‘overactive or difficulty
in concentrating’ (daytime hyperactivity), daytime sleepi-
ness (including difficulty in morning waking), and difficult
behavior (as perceived by the respondent) during the day.
Answers were classified either ‘not at all’ or ‘not often’, or
‘on most nights’. Symptoms on most nights were coded
positive.
Tonsillar size
Children with tonsils which together occupied >50% of the
distance between the medial edges of the tonsillar walls
were considered to have TH.9 This allows for tonsils which
are of different sizes. Assessment was made at the time of
the sleep study by a paediatrician.
Sleep studies
The Visilab system (Stowood Scientific Instruments, Oxford)
was used for hospital studies10 and Ohmeda 3700 and 3800
oximeters (Hatfield) and a camera with a 3-h audiovideo
tape-recording facility (Sony Hi8, Weybridge, UK) were
used at home for families unwilling to be admitted. Home
oximetry results were analysed using Download 2001 soft-
ware (Stowood Scientific Instruments, Oxford). Hospital
studies could last for a maximum of 8 h. As well as recording
oxygen saturation (SpO2), the Visilab records the study usingaudiovideo and displays periods of movement. The sleep
software (Visi2 Visi3, Download 2001) analysis algorithm
was set to reject periods where no pulse was recorded,
and calculated the number of SpO2 dips of >4% per h and
the total time spent with SaO2 measurements under 90%.
Oximetry recordings from both home and hospital studies
were analysed using identical software settings. For home
studies, parents were given written instructions about how
and when to turn on the oximeter and camera together at
the start of sleep. Children who had no episodes of oxygen
desaturation at home were admitted for a full study to
ensure that OSA causing respiratory related arousals without
a fall in oxygen saturation were not missed.
OSA grading
The sleep study record of SpO2, pulse and movement
recording was inspected by both a sleep physiologist and
clinician. Periods of movement were inspected on the
audiovideo and excluded if there was movement other
than that clearly related to paradoxical chest movement
and the termination of an obstructive episode. This was
considered an arousal. OSA was considered significant
and coded positive if there were 5 dips of >4% SpO2/h or
if there were respiratory-effort-related arousals5 times/h
seen on the video and mild if there were dips of 1 5/h or
1e5 respiratory-effort-related movement arousals/h during
sleep. The latter were coded negative together with those
who had no evidence of SpO2 dips or respiratory-effort-
related arousals.
To describe the consistency in categorization of signif-
icant OSA based on arousals only, two observers, blinded to
previous classification, graded those videos where arousals
were previously classified as mild or significant.
Home and hospital studies of children who had both
were examined to ensure that 3 h of home study were suf-
ficient to detect significant arousals because it was possible
that arousals occurring only later in the night could have
been missed.
Data analysis
Continous variables were checked for Normality. Student’s
t-testing was used to compare age and BMI z scores in those
who did not attend with those who attended for a sleep
study. Chi-square tests were used to compare clinical fea-
tures in the same groups. Logistic regression analysis was
used to compare demographic and questionnaire data
from children with and without OSA. Values of p 0.01
were considered significant.
The reporting of these data was approved by the Local
Ethics Committee.
Results
Subjects
One hundred and fifty-eight (97 boys) of 203 children (mean
age 9.8 years, range 2.0e16 years) had successful studies.
Seventy-five were Bangladeshi, 31 Afro-Caribbean and 52
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and 3.70, respectively (range 2.5e6.5).
Subjects not included
Forty-five children and/or their carers refused a sleep study
(14 had unsuccessful previous studies) or did not attend.
Their mean age was 8.5 years and mean BMI z score 3.5,
suggesting they might have been slightly younger and less
obese than those who did attend (pZ 0.07 and 0.08).
They reported significantly less apnoea and restlessness
(p< 0.01 and pZ 0.03) but did not have significantly less
TH (pZ 0.16).
Sleep studies
The median time of study after sleep onset for both Visilab
and home studies was 447 min (range 260e480). Significant
OSA was identified in 41 children (26%; 95% confidence
interval (CI) 19e33), 8 classified as significant on arousals
only. A further 15 had mild OSA, 3 classified on arousals
only. Agreement of grading for arousals was reached in 8
of the 11 studies classified as OSA on arousals only. Six of
32 children studied at home using oximetry and an audiovi-
deo recording for 3 h had OSA graded on SpO2 dips,
significant in 2. None had significant arousals identified on
the home camera or on the subsequent hospital study un-
dertaken in 20. All 11 who had OSA diagnosed on arousals
only, had arousals during the first 3 h of the study.
Children with significant OSA had a median of 11.1 dips/h
of >4% SpO2 and spent a median of 10.1 min with oxygen
saturations under 90%. Six children had, in addition to sig-
nificant OSA, periods of between 3 and 5 min with SpO2
values of less than 90% on each occasion totalling 40e
120 min. Children with mild OSA had a median of
1.5 dips/h and spent a median of 15 s with oxygen
saturations under 90%.
The results of logistic regression analysis of significant
OSA on demographic and questionnaire data are reported in
Table 1. The simple analysis suggests that BMI z score is re-
lated to significant OSA but when all variables are taken
into account, only a history of apnoea, restless sleep and
TH were significantly related to OSA.Table 1 Relationship of significant OSA to demographic and qu
Simple regression
Odds ratio
Age 0.98 (0.86, 1.12)
Sex 0.49 (0.22, 1.10)
Ethnicity 1.06 (0.63, 1.18)
BMI z score 1.88 (1.18, 2.98)
Snoring 3.19 (1.04, 9.75)
Apnoea 8.53 (3.67, 19.82)
Noisy breathing 3.20 (1.47, 6.93)
Restless sleep 5.16 (2.22, 12.01)
Behaviour difficulties 0.98 (0.33, 2.91)
Daytime sleepiness 1.8 (0.82, 3.91)
Tonsillar hypertrophy 4.87 (2.06, 11.47)The numbers of children with apnoea, restless sleep or
TH are shown in Table 2.
The specificity of apnoea, restless sleep or TH for OSA
was 95% and the sensitivity for any of these three variables
was 25%. In other words, nearly all children with significant
OSA had one of these clinical features but 75% (1 e
specificity) of obese children without OSA had one of these
features. Of 128 children with one of these clinical features
(81% (95% CI 75e87) of all those studied), 39 (30% (95% CI
22e39)) had significant OSA. Only 2 of 41 (5% (95% CI 0e11))
did not have one of these clinical features. Thirty children
(19% (95%CI 13e25)) had none of these features. The
children with significant OSA who did not have TH did not
significantly differ with respect to age or BMI z score from
those who did have TH.
All children with significant OSA were referred for
assessment of their upper airways. All but two (who refused
surgery) with TH had adenotonsillectomy. Fifteen of 19
children treated with CPAP remain on CPAP after at least
one year.
Discussion
This study has shown that reported apnoea, restless sleep
and TH, but not BMI, are significantly related to significant
OSA, identified using oximetry and audiovisual recordings,
in obese children. Although these features are poorly
specific, 95% of those with significant OSA had one of
them. In obese adults, observed apnoea is a positive
predictor of OSA11 and in children with TH restlessness is
commonly reported.12 If sleep studies are offered to only
those with one of these three features then the need for
sleep studies will be reduced by about 19% in a hospital
population similar to the one studied here. About 5% of chil-
dren with significant OSA will not have one of these symp-
toms. A history of sleep-disordered breathing should be
taken from all obese children and their carers at follow-
up and parents asked to look out for symptoms such as stop-
ping breathing and restlessness to try to help identify those
few who are missed and those who subsequently develop
OSA. It is possible that children who are referred to an obe-
sity service such as ours are more likely to have symptoms
and so planning accurately for a community populationestionnaire data
Multiple regression
p Odds ratio p
0.79 1.10 (0.96, 1.26) 0.09
0.09 0.46 (0.16, 1.27) 0.07
0.82 1.31 (0.67, 2.57) 0.22
0.01 1.54 (0.79, 2.99) 0.10
0.05 1.23 (0.30, 5.13) 0.39
<0.0001 4.51 (1.64, 12.43) 0.002
0.004 2.47 (0.93, 6.60) 0.04
0.0002 3.36 (1.24, 9.07) 0.009
0.97 0.51 (0.12, 2.12) 0.18
0.15 0.79 (0.29, 2.17) 0.32
0.0005 3.10 (1.15, 8.38) 0.01
Table 2 Sensitivity and specificity (95% confidence limits)
of apnoea, restless sleep and TH for predicting OSA
OSA No
OSA
Sensitivity Specificity
Apnoea 24 17 59% (43.74) 86% (79.92)
No apnoea 17 100
Restless sleep 30 41 73% (59.87) 65% (56.74)
No restless sleep 11 76
TH 27 40 66% (51.81) 66% (57.75)
No TH 14 77
Apnoea,
restlessness or TH
39 89 95% (88.100) 25% (16.32)
No apnoea,
restlessness or TH
2 28
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could offer some guidance for the development of a sleep
service and for the planning of a hospital based obesity
service as has been recommended.1
As some others have observed,7 reported daytime
sleepiness and behaviour problems were not related to sig-
nificant OSA, unlike the case in adults. In a recent editorial
on childhood obesity and apnoea13 it was suggested that
OSA in obese children might resemble that in adults with
obesity. This study suggests that OSA in many obese chil-
dren is very similar to that in non-obese children with TH.
Of the 41 children with significant OSA, 27 had TH. It may
be that some of the others had isolated adenoidal hypertro-
phy. All were referred for an assessment of the upper air-
way. It might be expected8 that those without TH would
be older and thus resemble obese adults with OSA but
they were not, although the numbers were small. Children
who did not attend hospital for a sleep study had less
apnoea and restless sleep, suggesting that their families
were less concerned about sleep-disordered breathing.
Obesity is so common that identifying OSA using poly-
somnography, considered the ‘gold standard’, would be
impractical and costly. Polysomnography in the United
Kingdom is available in only a few centres and it has been
shown in children being assessed for AT that our method of
studying sleep to identify OSA is robust.10 We acknowledge
that direct comparison between PSN and our method in
obese children has not been made although it is not
unreasonable to assume that the comparison would be sim-
ilarly favourable irrespective of the cause of upper airway
obstruction. Our purpose of studying obese children was
to simply identify those who had significant OSA, and so
would merit treatment. We chose 5 dips of >4% SpO2/h
as suggestive of significant OSA based on two studies using
similar equipment to ours.12,10 In the first,12 children being
assessed for AT had a median of 3 dips >4%/h in SpO2 and,
in the second, in a group considered to have severe obstruc-
tion,10 the figure was 10.4/h. The group we considered had
severe obstruction e those with dips of 5/h had a median
of 11 dips/h compared to those with mild who had only
1 dip/h, a wide separation. Some of those with significant
OSA also had prolonged periods of hypoxia. Thus our
method of diagnosing significant OSA based on SpO2 dipsappears to be useful for identifying children who might
benefit from intervention.
There is no consensus on the importance of sleep
disruption in children.7 We chose to consider arousals sig-
nificant if inspection of the video suggested that movement
was respiratory-event related. Polysomnography might
identify more with sleep fragmentation and it is a limitation
of this method that these cannot be picked up. The inter-
rater reliability of classifying respiratory-event movement
arousals was not perfect and so misclassification is possible.
The recording of accompanying paradoxical movement of
chest and abdomen might aid identification of arousals as
respiratory-event related.
Adverse effects of OSA on neurocognitive function are
well-described14,15 but there is disagreement about such
effects in mild OSA.16,17 How much mild OSA contributes
to poor school performance independent of socio-economic
status and obesity itself is not clear.18 Similarly, the risks of
cardio-vascular complications due to OSA independent of
the clear risks of obesity are not clear. At the moment, it
would seem reasonable not to offer children with mild
OSA treatment, other than help with weight loss. In our
practice these children have an annual review which in-
cludes an assessment of sleep-disordered breathing and
a sleep study if indicated.
The home oximetry download together with the audio-
video recording appear to be useful if a hospital study is not
acceptable. Since the longer hospital studies suggested
that arousals if present would be noticed in the early part
of the night, 3 h of audiovideo recording might be
sufficient. However, studies of more children with predom-
inantly arousals are needed to confirm this.
Treatment of significant OSA by AT and/or CPAP is
encouraging19 and until randomized controlled studies are
undertaken, these interventions seem logical. We suggest
that if apnoea, restless sleep or TH are present an obese
child should have a sleep study with view to treatment.
Since OSA independent of obesity is thought to be related
to hypertension20 and insulin resistance21 as well as neuro-
cognitive disturbance, it seems axiomatic that OSA is iden-
tified and treated alongside weight reduction programmes.
Until polysomnography is more widely available, screening
for hypoxic events and the observation of respiratory-event
related arousals goes part of the way to identifying OSA in
this large group of children.
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